ABSTRACT Introduction: Low-back pain (LBP) is a leading cause for disability in military personnel. Consequently, effective management strategies are required to maintaining operational capabilities. Physical therapy clinical practice guidelines recommend the use of directional preference (DP) to guide management. The effectiveness of this approach has not been tested in military personnel using a pragmatic study design. Pragmatic studies are ideal to inform clinicians and policymakers about the usefulness of proven interventions in real-life clinical conditions. The purpose of this study was therefore to determine, in clinical practice, the effectiveness of a management approach guided by DP vs. usual care (UC) physical therapy in Canadian Armed Forces (CAF) members with LBP. Material and Methods: A pragmatic study was conducted among 44 consecutive CAF members with LBP who received management guided by DP (n = 22) or UC (n = 22). Outcomes were pain intensity (primary outcome), pain location and frequency, perceived disability, medication use, perceived global effect (pain, function, overall status), work loss, and health care utilization. The effectiveness of the intervention was assessed at 1-month and 3-months follow-up. Results: Statistically significant differences favoring the DP group were observed for pain intensity (Δ 1 month: 1.9/10; 95% confidence interval [CI]; 0.97-2.89; Δ 3 months: 1.3/10; 95% CI: 0.35-2.31), pain location at 1 month (54.5% vs. 19.0%; p = 0.02) and 3 months (68.2% vs. 38.1%; p = 0.01), disability (Δ 1 month: 4.3/24; 95% CI: 2.12-6.38; Δ 3 months: 3.5/24; 95% CI; 1.59-5.33), perceived global effect at 1 month (pain: 86.4% vs. 57.1%; function: 81.8% vs. 47.6%; overall status: 86.4% vs. 57.1%) and 3 months (pain: 95.5% vs. 71.1%; overall status: 95.5% vs. 66.7%) with p values < 0.05, and improvement in work status at 3 months (54.5% vs. 23.8%; p = 0.04). Conclusion: DP-guided management appears more effective than UC physical therapy to reduce pain and improve function in CAF members with LBP. Rapid improvements and the patient's ability to self-manage may prove especially advantageous in deployed settings. Our findings are particularly useful to inform military policymakers and clinicians on optimal management for CAF members.
INTRODUCTION
Low-back pain (LBP) is a major health concern for military personnel. 1 In the United States, it is the primary reason for medical releases and costly medical evacuations from combat zones. [1] [2] [3] [4] In Canadian Armed Forces (CAF) members, LBP is the most common repetitive strain injury and the most common serious acute injury interfering with activity. It accounts for more than one-third of all musculoskeletal conditions in regular force service members and is the leading chronic health problem in male soldiers. 5 Therefore, effective management strategies are required to maintaining operational capabilities.
In the general population, the management of LBP guided by directional preference (DP), a clinical criterion used in classification systems such as "Mechanical Diagnosis and Therapy" 6 (also known as the "McKenzie Approach") and "Treatment-based Classification," 7 has resulted in superior outcomes 8, 9 and is recommended in physical therapy practice guidelines. 10 However, the effectiveness of DP-guided management in real-life conditions remains unclear since the heterogeneous patient pool in clinical practice may dilute the benefits observed in preselected research participants. 11 Furthermore, this approach has not been tested in military personnel, a population with unique occupational, physical, and psychological risk factors. 1 The purpose of our study was therefore to investigate the clinical effectiveness of DP to guide management of LBP in CAF members. Since randomized controlled trials and systematic reviews 8, 9 have shown positive results, a pragmatic approach was best suited to bridge the gap between ideal research conditions and clinical practice, and to provide firsthand information to clinicians and policymakers on optimal management strategies. 12 On the basis of previous work, 9, 13, 14 we hypothesized that DP-guided management is more effective than usual care (UC) to decrease (1) pain, (2) disability, (3) work loss, and (4) health care utilization.
METHODS
The study was approved by the Ethics Review Board of the Clinical Research Center of the Centre Hospitalier Universitaire de Sherbrooke (reference number: 2016-1110) and by the CAF Surgeon General Research Board (reference number: E2015-06-192-004-0001).
Design and Study Procedures
We conducted a pragmatic study with a 3-month follow-up. The study was conducted at one of the military physical therapy clinics of the CAF in Canada and 6 private physical therapy clinics nearby, which collaborate with the CAF in the provision of care. Consecutive CAF members were invited to participate when they presented with a new referral for LBP to the military physical therapy clinic. Eligible patients received verbal and written information regarding the nature and purpose of the study. After obtaining informed consent, the nonmedical reception staff scheduled the patients for an initial assessment at the military clinic. If no appointments were available within prescribed time frames, or if operational or training commitments prevented the patients from attending the military clinic during hours of operation, patients were referred to a private clinic of their choice. These procedures mirrored entirely methods currently used in the military physical therapy clinic. In this setting, approximately half of all patients are outsourced to private providers. The patients treated in the military clinic received DP-guided management (DP group), whereas those treated in the private sector received UC physical therapy (UC group) (Fig. 1) . We defined UC physical therapy as a treatment approach used by physical therapists during their routine clinical practice.
Participants
The study population consisted of a convenience sample of consecutive CAF members who accessed one of the military physical therapy clinics between August and December 2015. Consistent with the pragmatic nature of the study, eligibility criteria were intentionally kept broad to include all potential CAF members consulting for LBP. Patients were invited to participate if they had a new referral for LBP or if they self-referred, were between 18 and 60 years old, and were available for at least 4 visits during the first 4 weeks of the study. Reserve Force members serving less than 180 days per year, foreign military members, and members with contraindications to perform end-range movements of the lumbar spine (e.g. nonconsolidated fractures, recent spinal fusions, etc.) were excluded.
Treatment Groups
In the DP group, a military physical therapist with 14 years of clinical experience and a diploma in "Mechanical Diagnosis and Therapy" assessed the patients for DP. A DP was confirmed when the most distal pain was reduced or abolished, or when lumbar range of motion (ROM) increased as a result of repeated movement testing or sustained positioning in a single direction. 6 The inter-rater reliability for judging DP is excellent (k = 0.9) when determined by a therapist with advanced training in "Mechanical Diagnosis and Therapy." 15 Patients with a confirmed DP received matching interventions including unidirectional end-range exercises and mobilizations. 6 Unidirectional end-range exercises comprised the key intervention and patients were instructed to perform one set of 10 to 20 repetitions every 2 to 3 hours. When indicated, patients also received a lumbar roll to avoid kyphotic sitting postures 6 and a copy the "Treat Your Own Back" educational booklet.
16 Exact prescriptions varied slightly as they were tailored to individual patient responses. Patients without a DP by the fourth visit received treatments on the basis of clinical practice guidelines. 10 Patients in the UC group were assessed by 6 physical therapists with a mean of 10.2 ± 5.9 years of clinical experience and qualified in Manual Therapy (including spinal manipulation) and acupuncture. To reflect real-life clinical practice, no attempt was made to standardize or direct assessments in the UC group since the majority of therapists rely on multiple approaches to guide clinical decisionmaking. 17 Treatments were decided on the basis of the assessment findings and individualized for each patient.
Similar to the assessment, treatments were at the discretion of the therapist and no attempt was made to standardize or direct the interventions.
Outcome Measures
Using self-reported questionnaires, we assessed pain (intensity, 18, 19 location, 6, 20 and frequency), low-back-specific disability, 21 perceived global effect, 18, 22 and medication consumption (Table I ). In addition to these self-reported outcomes, we gathered data on work disability and health care utilization from the patients' electronic health records. Selfreported outcomes were gathered at baseline, 1-month and 3-months follow-up. Information regarding work disability and health care utilization was gathered at 3 months only.
Adherence With Home Exercise Program
We evaluated patients' adherence with prescribed home exercise regimes using a self-rated questionnaire. Patients first recorded if an exercise program was prescribed. Then, the prescribed frequency was assessed as "several times per day" or "several times per week." Finally, participants self-assessed their adherence with their home exercise program on a numerical rating scale anchored at "no exercise performance" (0%) and "always performed the exercises as prescribed" (100%).
Data Analysis

Sample Size
The sample size was determined a priori to detect a 2-point difference between groups regarding average pain intensity 19 with a power of 80% and a two-sided α level of 0.05. Considering a standard deviation of the numeric pain rating scale (NPRS) of 2 units, a study design with three repeated measures, and a conservative autocorrelation coefficient (ρ) of 1, we calculated a total sample size of 32 patients (16 per group). Forty-four patients were recruited to allow for up to 15% loss to follow-up and up to 10% missing data.
Baseline Comparisons
For continuous variables, baseline characteristics of the treatment groups were compared with independent Student t tests or Mann-Whitney U tests. χ 2 statistic or Fisher exact tests were used for categorical variables.
Treatment Effectiveness
Treatment effectiveness on continuous variables were estimated using repeated-measures analysis of variance (ANOVA) addressing time by group interactions, or Mann-Whitney U tests. Effect sizes were calculated as raw group differences (mean differences) and their 95% confidence intervals (95% confidence interval [CI] ). 23 Categorical data were compared in a binary fashion using χ 2 or Fisher exact tests.
Data were analyzed using IBM SPSS Statistics V22.0 (SPSS Inc., Chicago, Illinois).
RESULTS
We invited 47 consecutive patients with a new referral for LBP to participate in the study. Forty-four patients provided written consent and were assigned to one of the two treatment groups on the basis of patient and therapist availability ( Fig. 1 ).
Demographics and Baseline Characteristics
Patient demographics and baseline characteristics are summarized in Table II . The two groups were comparable for most baseline characteristics and outcome measures ( p > 0.05). Significant differences were only observed for two variables: patients in the UC group had lower physical job demands ( p = 0.02) and a higher military rank ( p = 0.04). 
Dropouts and Missing Information
Because of time constraints, one patient from the UC group withdrew after 3 visits and did not provide any data at either follow-up (Fig. 1 ). This patient was excluded from data analyses. Consequently, 43 complete data sets (22 for the DP group and 21 for the UC group) were available for all data analyses (Fig. 1) .
Prevalence of DP During the initial assessment, a DP was observed in 16 of the 22 patients (72.7%) in the DP group. Further testing over the next 3 visits confirmed the initial DP in 13 patients (59.1%), exposed a different DP in 2 patients (9.1%), and revealed a DP in an additional 5 patients (22.7%) with no DP during the initial assessment. Therefore, by the fourth visit, a DP was observed in a total of 20 patients in the DP group (90.9%). Specifically, 16 patients had a DP for extension (72.7 %), and 4 patients had a DP for flexion (18.2%) by the fourth or final visit-whichever came first. Two patients (9.1%) had no DP by the fourth visit. None of the patients in the UC group was tested for DP.
Physiotherapy Interventions
The type and frequency of the various interventions for each treatment group are summarized in Table III . In the DP group, the most common interventions were postural training and directional exercises. Only 6 patients required therapist mobilizations to enhance the effect of DP exercises. In the UC group, the most common interventions were therapist mobilizations and core strengthening. At 1-month follow-up, the DP group had a mean of 4. 
Treatment Outcomes
Pain Intensity
The repeated-measures ANOVA showed a significant time by group interaction demonstrating greater reduction in pain intensity of LBP in favor of the DP group ( p < 0.01). Differences between groups were statistically significant at each follow-up measure (Table IV, Fig. 2 ). In addition, significantly more patients in the DP group experienced a clinically important pain reduction of at least 2 points on the NPRS at both follow-up periods with p values ≤ 0.02 (Table V) .
Pain Frequency
At both follow-up periods, more patients in the DP group experienced a reduction of at least 25% in pain frequency. However, between-group differences did not reach statistical significance at either follow-up period (Table V) .
Pain Location
More patients in the DP group experienced a proximal change in pain location, or a complete resolution of LBP if only LBP was present at baseline. Between-group differences were significant at both follow-up periods with p values ≤ 0.05 (Table V) . Moreover, none of the patients in the DP group reported any deterioration in pain location, whereas 4 patients (19.0%) in the UC group with no lower extremity pain at baseline reported thigh and/or lower leg pain at one of the follow-up periods: 2 patients (9.5%) experienced deterioration in pain location at 1 month and another 2 patients (9.5%) at 3 months.
Disability
The repeated-measures ANOVA revealed a significantly greater reduction in the mean Roland-Morris disability questionnaire (RMDQ) score in favor of the DP group ( p = 0.05). Between-group differences were statistically significant at both follow-up periods (Table IV, Fig. 2 ). 
Perceived Global Effect
More patients in the DP group reported that their pain, function, or overall status had improved since the start of the study. With exception of improvement of function at 3 months, improvement in all three measures favored the DP group at both follow-up periods with p values ≤ 0.05 (Table V) .
Medication Consumption
Over the 3 months study duration, the number of patients using pain medication decreased in both groups. Betweengroup differences did not reach statistical significance at either follow-up (Table V) .
Work Status
Work status improved (sick leave to light duty, or light duty to full duty) in more patients in the DP group (Table V) . Between-group differences reached statistical significance at 3 months ( p = 0.04). Furthermore, 2 patients (9.5%) in the UC group with no limitations at baseline were prescribed light duty at 1 and 3 months. No patient in the DP group experienced any decline in work status.
Work Loss
Throughout the study period, 14 patients (63.6%) in the DP group and 11 patients (52.4%) in the UC group were either off work or on light duty for a total of 262 and 304 days, respectively. Including all patients per group, the median time off work or on light duty was estimated at 8.0 days (range: 0-63) in the DP group and 9.0 (range: 0-63) in the UC group. Between-group differences were not statistically significant ( p = 0.90).
Health Care Utilization
During the study period, 8 patients (36.4%) in the DP group and 11 patients (52.4%) in the UC group sought further health care for their LBP for a total of 10 and 35 consultations, respectively. Including all patients per group, the DP a Effect sizes represent mean differences between groups and their 95% CLs. CIs excluding "0" indicate statistically significant between-group differences. NPRS over last 24 hours (0-10; higher scores indicate greater pain intensity); RMDQ (0-24; higher scores indicate greater disability). group had a median of 0.0 consultations (range: 0-2) compared to 1.0 consultations (range: 0-14) in the UC group. Between-group differences were not statistically significant ( p = 0.17).
DISCUSSION
To our knowledge, this is the first study assessing the effectiveness of DP-guided management in military personnel. Because of differences between research settings and clinical practice, it has been recommended that the effectiveness of interventions with positive outcomes in randomized controlled trials should be investigated in real-life settings. 12 Using a pragmatic approach, we compared DP-guided management to UC in CAF members and found statistically significant and clinically important differences in favor of the DP group at the 1-month and 3-month follow-up periods. Our findings are consistent with the results from a large randomized controlled trial demonstrating greater improvements when patients with a DP confirmed a priori receive matching interventions compared to generic guideline-recommended management or exercises opposite to their DP. 24 Our study therefore suggests that the positive results demonstrated in the controlled context of randomized trials may also be observed in real-life clinical practice. Moreover, the superior outcomes of DP-guided management, when compared to the individualized treatments of the UC group in our study, suggest that DP may be a better criterion to guide treatment than other criteria currently used to develop individualized patient care plans in physical therapy. The universally good outcomes of DP-guided management in the general population and in military members speak for the wide generalizability of this approach. Nevertheless, subgroups of patients may exist in which DP may prove less useful. For example, most studies exclude patients with severe neurological deficits. To our knowledge, only one randomized controlled trial 13 assessed the efficacy of DP-guided management in patients with severe sciatica resulting from disc herniation and found greater improvements in most outcomes favoring DP-guided management when compared to sham exercises. Alternatively, the absence of a DP in patients with severe radiculopathy may be useful in identifying patients suitable for transforaminal epidural steroid injection or surgery. 25 Further research is needed to investigate the spectrum of the usefulness of DP in these challenging populations. Although improved treatment outcomes are desirable in and of themselves, some of our findings may be particularly advantageous for the management of LBP in deployed military personnel. For instance, we observed not only greater but also more rapid improvements in pain intensity and lowback specific disability. At 1-month follow-up, the mean pain intensity had decreased to 1.5 ± 1.50 points in the DP group, whereas it was still at 2.2 ± 2.0 points in the UC group at the 3-month follow-up (Table IV) . A similar pattern was observed for low-back-specific disability (Table IV) . Rapid improvements in pain and disability are acutely important during operational deployments since even a relatively short duration of work disability may considerably reduce operational capabilities and result in costly medical evacuations. 26 Furthermore, most patients were able to effectively self-manage once their DP had been confirmed, and were therefore relatively independent from the therapist. In contrast to the predominant use of therapist-applied mobilizations and electrotherapeutic modalities in the UC group, no passive modalities were used in the DP group, and only 6 patients required therapist-applied mobilizations to enhance self-treatment procedures (Table III) . Considering a recurrence rate of up to 85% for LBP, 27 patient independence may be particularly advantageous during deployments where access to specialized health resources is not always readily available or may involve perilous travel. 28 We acknowledge that our study was conducted in garrison and that the provision of health care during deployment comes with its own challenges. 26, 28 However, we see no obvious reasons that would interfere with the use of DP-guided management during deployments. Indeed, in contrast to the UC group, no specialized equipment was used to achieve rapid improvements in the DP group; on the contrary, interventions were rather uncomplicated once a DP was identified and consisted, in most cases, of a single unidirectional exercise.
Few studies investigating the efficacy of DP-guided management have reported outcomes on health care utilization 14 and work loss. 13, 29 A significant reduction in these outcomes was observed in two studies 13, 14 but not in another. 29 Over the 3 months of our study, patients in the DP group had a total of 10 health care consultations (other than physical therapy) compared to 35 consultations in the UC group. The number of days off work/on light duty was also lower in the DP group (262 vs. 304) even though 13 patients in the DP group were off work/on light duty at the start of the study compared to 8 patients in the UC group. None of these between-group differences reached statistical significance, most likely because of our small sample size. The betweengroup differences observed at baseline may also account for the lack of statistical significance in these outcomes as patients in the UC group had higher military ranks (comparable to managerial positions in the general population) and less physically demanding jobs. These factors may have reduced the risk for persistent LBP 30 and the need for modified work such as reduced working hours or sedentary work duties 31 in the UC group. Even though between-group differences were not statistically significant for work loss and health care utilization, they may still present a potential economic benefit. Considering the high indirect costs of LBP, any work loss should be considered from a socioeconomic perspective and even small differences may be relevant. 22 The cost-effectiveness of DP-guided management should be investigated in future studies with a large sample size and a longer follow-up period.
One surprising finding of our study is the high proportion of CAF members with a DP. According to a systematic review, 32 the prevalence of DP is estimated at 70% (range: 60-78%). Although most studies report prevalence rates of DP observed during the initial assessment, 32 we accorded up to 4 visits for that purpose and observed an increase from 72.7% on the first visit to 90.1% by the fourth visit. This suggests that prevalence rates on the basis of a single visit may underestimate the proportion of patients with a DP. A similar phenomenon has been reported previously where a DP was observed on subsequent visits in 60.5% of patients with no DP at intake. 33 On the basis of our experience, it is not realistic to accurately test for DP in a single visit, especially, if patients present with a challenging condition, such as those with severe neurological deficits or chronic symptoms. Although our numbers of patients with these clinical characteristics are too small to make strong recommendations for future research, we believe that an assessment over multiple visits should be considered when investigating the efficacy of DP-guided management.
The purpose of our study was not to investigate how physical therapists manage LBP. However, some management strategies of the UC group in our study are inconsistent with LBP practice guidelines. 10 Indeed, none of the patients in the UC group was tested for DP and 15 patients received electrotherapeutic modalities. Our observations are not unique, as others have also observed low adherence with LBP practice guidelines. 34, 35 Future research should therefore investigate barriers to knowledge translation.
Strengths and Limitations
In light of the positive results of previous studies, 9 we used a pragmatic approach to investigate the effectiveness of DP-guided management in CAF personnel. 12 Our methods mirrored entirely current clinical procedures and are therefore directly translatable to clinical practice. This is an important strength of our study as our findings of superior outcomes provide military health care policymakers and clinicians with reliable and concrete information regarding optimal management strategies, resource allocation, and training priorities.
Several limitations should be taken in consideration when interpreting our results.
The small number of patients in our study may have resulted in insufficient statistical power to detect potential differences in work loss and health care utilization (type II error) or to conduct subgroup analyses when relevant. The lack of long-term follow-up is another limitation of our study, as we do not know if results are sustained over time. Conversely, deployments and transfers to another military base can present major challenges to long-term follow-up in military personnel. 36 The high level of training and competency of the DP-group's therapist might limit the generalizability of our results to therapists with less advanced training. Future research is warranted to determine to what extent therapist training level may affect the outcomes of DP-guided management. The nonrandom group allocation may have increased the risk of confounding. However, comparison of baseline characteristics demonstrated that groups did not differ for outcome variables or any confounding factors other than military rank and physical job demands. Although these two factors may indeed influence outcomes, 30, 31 they were in favor of the UC group and are therefore unlikely to account for the superior outcomes of the DP group. At baseline, the mean age and the number of previous episodes of LBP were slightly higher in the UC group than in the DP group. Although these between-group differences were not statistically significant, they may have influenced the results in favor of the DP group. Two patients in the UC group received "McKenzie" treatments, which may also confound outcomes. A review of both patient charts revealed that no testing for DP was performed in these patients; consequently, we recorded the extension exercises under "ROM exercises." It is a common misconception that McKenzie treatment equates to lumbar extension exercises. 37 Since none of the patients in the UC group was tested for DP, we do not know if patients in both groups were comparable for this particular characteristic. Our study was purposefully designed to assess if the benefits of DP-guided management for LBP reported in randomized controlled trials may also be observed in the real-life clinical practice of the CAF. Consequently, our findings may not be useful to inform policymakers or clinicians working with patient populations with different characteristics.
CONCLUSION
Our findings confirm that the benefits of DP-guided management observed in randomized controlled trials are also observed in real-life clinical practice. Furthermore, they suggest that DP may be a better criterion to determine individualized care plans for patients with LBP than other criteria routinely used in clinical practice. We therefore recommend that patients should consistently be tested for DP regardless of the chronicity of their symptoms. The high prevalence of DP in CAF members, the greater and faster reduction of pain and disability as well as the relative patient independence of DP-guided management suggest that this approach is suitable to effectively manage LBP in military personnel. Moreover, it may prove particularly useful to maintaining operational capabilities in deployed settings.
